Sessile drop experiments of molten Ag on Fe at 1000°C and partial pressures of oxygen of lo-5 and lo-15 Pa show acute contact angles that vary with oxygen content of the Fe and experimental~ conditions. Surface energies of Fe, and correspondingly contact angles, are sensitive to the degree of saturation of the Fe with oxide and to the degree of adsorptivity of oxygen which is dependent on the activity of oxide in Fe and the p(0 2 ) in the ambient atmosphere.
I. INTRODUCTION
The conditions that determine wetting and spreading of a liquid on a solid are not only of basic scientific interest but are also of with availability of liquid, the contact angle being nominally zero. [1] On this basis, a slow and measurable approach to an equilibrium contact angle because of kinetic factors would not be considered to be spreading, and spreading in itself should not be defined as good wetting which would correspond to a steady state small contact angle.
Unfortunately, in many cases the words 11 Wetting 11 and 11 Sprea<;ling 11 have been used interchangeably without reporting values of contact angles. This situation exists in the case of the iron (Fe)-silver (Ag) system at temperatures above the melting point of Ag (962°C).
Bailey and Watkins in 1951 [2] have concluded that the prerequisities for good wetting are some mutual solubility and/or the formation of intermetallic compounds. Thus, the observed 11 dewetting" (appearance of droplets of liq~id) in the system Fe-Ag was explained as being due to lack of compound formation and solid solution. In 1952 Bondi reported [3] a much earlier experiment performed by. Tamman in 1935, which was described as very slow spreading at 1000°C under hydrogen. More than 30 years later, Adams [4] also reported that silver spreads on iron and claimed that solubility is not a necessary criterion for spreading. Eremenko and Lesnik [5] during studies of infiltration of molten Ag into porous Fe, measured the contact angle between Armco Fe and Ag in hydrogen atmosphere. They found th~t at the melting point of Ag the equilibrium value of the angle was 23°; it decreased to 10° at 1100°C. In 1967, Klein-Wassink wrote that it is well known that iron is readily wetted by copper but badly wetted by silver [6] . His theoretical calculations based on Young's equation -3- indicated that yst for the Fe-Ag interface is probably about ? 1200 ergs/em~ which is sufficiently large to restrict wetting.
Westwood and Lye [7] Marz iron foil of 99.995% purity was obtained from Materials Research Corporation. The major impurities were carbon (8 ppm} and oxygen (60 ppm}. A second iron specimen, Armco, was received in the form of sheet of 1 mm thickness with a typical analysis of 0.015% C, 0.025% Mn, 0.005% P, 0.025% S, 0.002% Si and an unspecified amount of oxygen. Meta llographi c analysis revealed presence of FeO. Oxygen content, as measured in our laboratory by SIMS, showed 0.12 wt.% of oxygen (± 0.02%). A third iron,APT, was prepared by vacuum sintering and then melting of Fe powder of 99.999+% purity obtained from SPEX Industries. This specimen was cold-rolled in a tungsten envelope and then homogenized at 1000°C at~ 1.3 x 10-4 Pa vacuum. Finally, the 
B. Experimental Equipment
Sessile drop experiments were performed in two furnaces providing two different oxygen partial pressures which were described previously.
[8] The first one, which will be identified as the 11 alumina 11 furnace, is based on a one-inch diameter, eight-inch long kanthal-wound alumina tube. The second one, which will be identified as the 11 graphite 11 furnace, is based on a graphite tube resistance heating element. In such cases the cores were inside a large chamber that had a vacuum capability of Before heating to the experimental temperature, the vacuum chamber was pumped to less than 1 x 10 3 Pa, flushed with helium, and pumped with a cold-trapped diffusion pump to ~1.3 x 10-4 Pa. The furnace was then -6- heated to 400°C in ten minutes, and the chamber was filled with helium slightly below atmospheric pressure. The temperature was then increased to 1000°C in either 20 minutes (slow heating) or 10 minutes· (fast heating). After holding the temperature for a specified time, usually 30 minutes, the samples were furnace-cooled. In some specific experiments the helium backfilling temperature was varied. Of particular interest is the generation of information in regard to changes in interfacial energies.
Surfaces of Fe and Ag

A. Ag on Armco Fe
In all cases under normal procedures of slow heating the initial contact angle on melting of the Ag drop was larger than at equilibrium which was reached within -3 and maintained for 30 minutes.
In the graphite furnace, the range of the initial angle for 13 experiments was 80 to 55° and the equilibrium or steady state angle 67 to 48° with averages of 62 and 57°, respectively. In the alumina furnace, the range of the initial angle for 4 experiments was 62 to 54° and the equilibrium angle 58 to 48° with corresponding averages of 57 and 53°.
The periphery of the drop after cooling was always regular and cil~cular.
-8-Oxygen content of the starting Ag was of concern. Several specimens of Ag received at different times with different reported purities, however, showed no significant trends in the values of the equilibrium angles. Ag remelted in oxygen at 1000°C for 24 hrs showed equilibrium angles that were only-8° smaller in both furnaces.
Light preoxidation of Armco Fe (30 minutes at 250°C) and fast and slow • heating rates to 1000°C also showed no significant changes in contact angle.
B. Ag on Marz Fe
Under normal procedures of slow heating in the graphite furnace, the range of the initial contact angle for 20 experiments was 110 to 47° and the equilibrium angle, generally reached within-5 minutes and maintained for 30, ranged from 76 to 17° with averages of 73 and 45~, respectively. The initial larger angles and the time for their reduction to the smaller equilibrium acute angle, which experimentally showed a range of 5 to 20 minutes, were dependent on the heating rate to 1000°C and the temperature at which He was introduced. Slower heating rates and one or more backfillings with He at temperatures > 400°C resulted in smaller and shorter-lasting initial angles. When He was introduced at 100°C, an initial angle took 20 minutes to reach equilibrium; when He was backfilled at 650°C, the larger iriitial an~le lasted for only 30 seconds and at lower heating rates the final equilibrium angle was obtained immediately on reaching temperature. The visible periphery zone was always covered with a thin black film which was identified as iron oxide by Auger analysis; many bubbles are also visible at the interface.
D. Ag on Hematite
Several experiments were run with 6-9's Ag on hematite (Fe 2 o 3 ).
In the graphite furnace the initial contact angle was an average of 121°, and the equilibrium angle was an average of 104° which was reached over a period of 10 to 60 minutes. In the alumina furnace an • -12equilibrium angle of-112° was reached immediately. Adherence was excellent in both bases with fracture occur~ing in the oxide. The obtuse angles indicate that the surface energy of the,Ag is greater than that of the oxide. The decrease in contact angle in the graphite furnace was due to.the presence of the lower P 0 and indicates the . 2 development of· an oxygen deficiency with a corresponding increase of the surface energy of the oxide.
In air the contact angle was 75° indicating a lower surface energy for Ag than that for the oxide. Udin [9] has shown that the surface energy of Ag drops significantly with increase of P 0 . The Ag The contact angle of Ag on hematite (Fe 2 o 3 ) specimens in both furnaces was obtuse (y£v>ysv) and adherence was excellent. In this case the adherence was postulated to be due to a compatibility of both phases with FeO, i.e. presence of an oxygen-deficient surface on Fe 2 o 3 because of the low p{0 2 ) in the furnaces and some solubility of FeO in Ag. In air, the contact angle was acute and adherence was very poor. The y£v of oxygen-saturated Ag has been reported to be considerably reduced over oxygen-free Ag [9] resulting in Ysv > Y£v .
Poor adherence is attributed to lack of thermodynamic stable phase equilibrium at the interface due to lack of reaction between the showing black oxide layer next to periphery and gas voids. .. 
